Catatonia is a central aspect of schizophrenia spectrum disorders (SSD) and most likely associated with abnormalities in affective, motor, and sensorimotor brain regions. However, contributions of different cortical features to the pathophysiology of catatonia in SSD are poorly understood. Here, T1-weighted structural magnetic resonance imaging data at 3 T were obtained from 56 right-handed patients with SSD. Using FreeSurfer version 6.0, we calculated cortical thickness, area, and local gyrification index (LGI). Catatonic symptoms were examined on the Northoff catatonia rating scale (NCRS). Patients with catatonia (NCRS total score ≥3; n = 25) showed reduced surface area in the parietal and medial orbitofrontal gyrus and LGI in the temporal gyrus (P < .05, corrected for cluster-wise probability [CWP]) as well as hypergyrification in rostral cingulate and medial orbitofrontal gyrus when compared with patients without catatonia (n = 22; P < .05, corrected for CWP). Following a dimensional approach, a negative association between NCRS motor and behavior scores and cortical thickness in superior frontal, insular, and precentral cortex was found (34 patients with at least 1 motor and at least 1 other affective or behavioral symptom; P < .05, corrected for CWP). Positive associations were found between NCRS motor and behavior scores and surface area and LGI in superior frontal, posterior cingulate, precentral, and pericalcarine gyrus (P < .05, corrected for CWP). The data support the notion that cortical features of distinct evolutionary and genetic origin differently contribute to catatonia in SSD. Catatonia in SSD may be essentially driven by cortex variations in frontoparietal regions including regions implicated in the coordination and goal-orientation of behavior.
Introduction
Catatonia occurs in 9%-17% patients with acute mental disorders. 1 Catatonic symptoms are frequently present in schizophrenia spectrum disorders (SSD), 2, 3 affective and neurodevelopmental disorders, as well as in various medical conditions. [4] [5] [6] The clinical picture of catatonia includes motor phenomena (rigor, dyskinesia, festination, counteracting, posturing, catalepsy, etc.), affective symptoms (aggression, anxiety, flat affect, affect incontinence, etc.), and disorders of behavior (autism, mutism, echolalia, etc.). [7] [8] [9] [10] [11] [12] [13] In International Classification of Diseases, Tenth Revision (ICD-10), catatonia can be classified only within SSD and in the context of a medical condition. 14 15 definition of catatonia as a subtype of schizophrenia or major mood disorders requires the presence of at least 2 catatonic symptoms. 14 In DSM-5, catatonia is defined on the basis of 3 or more of 12 specific symptoms. 14, 15 Further, catatonia in DSM-5 can be used as "specifier" for the characterization of several clinical phenotypes including SSD, affective, and neurodevelopmental disorders. 11, 16 Nevertheless, current diagnostic criteria and systems share the neglect of affective catatonic symptoms. This neglect is also well reflected in most current catatonia rating scales, [17] [18] [19] [20] [21] [22] except the Northoff catatonia rating scale (NCRS). 7, 23 NCRS considers the clinical importance of catatonic affective symptoms and extrapyramidal dyskinesias as originally emphasized by Karl Kahlbaum. 7, 24 NCRS includes 3 distinct categories of symptoms including hypo-and hyperkinesias, affective symptoms, and behavioral alterations. 7 The neglect of the affective component in all other catatonia scales carries major clinical relevance as it may have contributed to the under-recognition of catatonia in the context of SSD, major mood disorders, and general medical conditions. [25] [26] [27] [28] [29] In the last 2 decades, cortical motor regions have been described as important loci in the pathogenesis of catatonia in SSD. In particular, different categories of catatonic symptoms can be caused by a dysfunction of orbitofrontal-prefrontal/parietal cortical connectivity reflecting "horizontal modulation" of cortico-cortical relation. 30, 31 Motor symptoms, however, could mainly be explained by aberrant "top-down modulation" reflecting "vertical modulation" of caudate and other basal ganglia by gamma amino butyric acid (GABA)-ergic-mediated orbitofrontal cortical deficits. 30 However, previous magnetic resonance imaging (MRI) studies have considered relatively modest sample sizes (10-15 catatonia patients) and the vast majority of MRI studies focused on aberrant activation of cortical regions neglecting the fact that catatonia in SSD is based on intertwined mosaic of genetic and environmental factors. [30] [31] [32] [33] [34] [35] [36] [37] [38] A promising approach to study the neurodevelopmental nature of catatonia is to examine measures of cortical organization separately affected by neurodevelopment such as cortical thickness, area, and local gyrification index (LGI). The aims of this study were to determine which cortical features of distinct neurodevelopmental and genetic origin (cortical thickness, area, and LGI) are specific for SSD with catatonia as distinguished from SSD without catatonia. Specifically, we predicted that (1) there will be a difference in cortical thickness, area, and LGI in frontoparietal regions between SSD patients with and without catatonia; (2) the three dimensions of catatonia, ie, motor, behavioral, and affective, will be significantly associated with cortical alterations in distinct cortical regions, ie, areas associated with motor control, affective processing, and integration of spatiotemporal information.
Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition, Text Revision) (DSM-IV-TR)

Methods
Participants
This study approached and examined a total of 87 right-handed 39 patients satisfying DSM-IV-TR 15 for schizophrenia (n = 84; paranoid type) or schizoaffective disorder (n = 3). Patients were consecutively recruited from the Department of Psychiatry and Psychotherapy at the Central Institute of Mental Health in Mannheim, Germany. Diagnoses were made by staff psychiatrists and confirmed using the German versions of the Structured Clinical Interview for DSM axis I and II disorders and examination of the case notes by 2 experienced psychiatrists (D.H. and S.F.). Clinical evaluation included ascertainment of personal and family history and detailed physical and neurological examination. Patients were excluded if (1) they were aged <18 or >65 years, (2) they had a history of brain trauma or neurological disease (especially movement disorders), or (3) they had shown alcohol/substance use disorder within 12 months before participation. The local ethics committee (Medical Faculty at Heidelberg University, Germany) approved the study. Written informed consent was obtained from all SSD patients after all aims and procedures of the study had been fully explained.
Clinical Assessment
All patients were recruited and examined during inpatient treatment as soon as possible after partial remission of psychotic symptoms within 1 week. At the time of the psychometric assessment and MRI examination, none of the SSD patients had taken lorazepam or other benzodiazepines and all but 5 (5/87 = 5.7% antipsychotic-free) patients were on stable antipsychotic medication for at least 2 weeks. Lorazepam or other benzodiazepines were discontinued at least 72 hours before the motor assessment and MRI examination after consultation with the treating physician to avoid potential interactions between benzodiazepines, catatonic symptoms, and MRI scanning. Daily doses of antipsychotic medication were converted to olanzapine equivalents (OLZ) according to the classical mean dose method presented by Leucht and colleagues. 40 The equivalence doses are based on the analyses of all antipsychotics compared with olanzapine 1 mg/d. The mean dose of each antipsychotic was weighted by the study's sample size and finally divided by the weighted mean olanzapine dose to obtain OLZ. 40 All patients were electroconvulsive-therapy-naive at the time of scanning. The duration between intake/consent into the study, motor assessment, and MRI scanning was less than 3 days. For a detailed assessment of catatonic symptoms, we used the German version of the Northoff catatonia rating scale (NCRS-dv). 23 Catatonic symptoms according to NCRS-dv had to be manifest for at least half an hour on the day of assessment in the presence of the examiner (D.H. and S.F.). The scale measures the presence and severity of 40 catatonic signs, considering 3 distinct dimensions of catatonia, ie, motor (13 items), affective (12 items), and behavioral (15 items) symptoms.
This study used both a categorical and a correlation (dimensional) approach to investigate the effects of 3 different cortical features of distinct neurodevelopmental and genetic origin (cortical thickness, area, and LGI) to catatonia in an epidemiologically based sample of SSD patients. For the "categorical" approach, we used cutoffs suggested by the NCRS, ie, at least 3 catatonic symptoms, with at least 1 motor, behavioral, and affective symptom. Using these criteria, we defined the presence or absence of catatonic symptoms within the entire SSD patient group, assuming that between-group differences between the subgroups would reflect a neural signature of catatonia within SSD. Yet, acknowledging a dimensional view on catatonia, we chose to establish relationships between brain structure and catatonia symptoms in an extended sample of individuals with SSD. To establish such associations, this "dimensional" approach essentially considered the presence of at least 2 catatonic symptoms in an affected individual, without imposing psychometric cutoff constraints.
Structural MRI Data Acquisition
MRI scans were acquired at the Central Institute of Mental Health, Mannheim, Germany on a 3.0 Tesla Magnetom Tim Trio MRI scanner (Siemens Medical Systems) using T1-weigthed 3-dimensional (3D) magnetization-prepared rapid gradient-echo with following parameters: 176 sagittal slices, image matrix = 256 × 256, voxel size = 1 × 1 × 1 mm, 3 repetition time (TR) = 2530 ms, echo time (TE) = 3.8 ms, inversion time (TI) = 1100 ms, flip angle = 7°. All MRI brain scans were reviewed by D.H. and S.F. No gross abnormalities (eg, tumor, spaceoccupying cystic lesion greater 3 mm, signs of bleeding, contusion, infarction, major grey, or white matter lesions) were found.
MRI Data Processing
Entire cortex analyses were computed with FreeSurfer version 6.0 (for detailed description of the method see http://surfer.nmr.mgh.harvard.edu/ 41 ) to explore local cortical thickness, area, and LGI in SSD patients with and without catatonic symptoms. [42] [43] [44] [45] [46] [47] [48] On the basis of the pial surface reconstruction, an algorithm for measuring 3D LGI at each vertex across each hemisphere, including the default smoothing of individual LGI maps at a fullwidth at half-maximum (FWHM) kernel of 25 mm, was performed using FreeSurfer and MATLAB. Details of the LGI computation process can be found in the validation article, 49 as well as in previous reports.
50-52
MRI Data Analyses
Cortical Surface Modeling and Clustering. First, we performed a vertex-wise analysis across both study groups (categorical approach) to identify statistical maps of significant differences between SSD patients with and without catatonic symptoms using a General Linear Method (GLM) approach provided by the Query Design Estimate Contrast (QDEC) interface of FreeSurfer. All clinical and demographic measures as well as estimated Total Intracranial Volume (eTIV) and total surface area were tested as potential covariates for further analyses within the categorical approach. Measures were included as covariates when they differed significantly between patients with and without catatonia (by chi-squared tests for categorical variables and t test for continuous variables) or had an influence on the severity of catatonic symptoms, eTIV, and total surface area in SSD patients with catatonia (Pearson's correlation; 2-tailed; see also supplementary material). According to this process, only age, gender, OLZ, Barnes Akathisia Rating Scale (BARS), Simpson and Angus Scale (SAS), and Positive and Negative Syndrome Scale (PANSS) qualified as covariates in the categorical approach. For statistical analysis, individual cortical thickness, area, and LGI maps were registered to the fsaverage template included in FreeSurfer. Additional smoothing with FWHM size of the Gaussian blurring kernel of 10 mm was applied on the statistical level when investigating cortical thickness and area. 53, 54 No additional smoothing was applied on the statistical level when investigating LGI. 53, 54 All of these analyses were performed on the right and left hemisphere separately.
Next, we used an approach that minimizes the problem of multiple comparisons, as described in previous studies [54] [55] [56] [57] to identify regions showing significant differences in cortical thickness, area, and LGI between SSD patients with and without catatonia. We performed a Monte Carlo simulation with 10 000 iterations and cluster analysis to identify significant contiguous clusters of vertex-wise differences. When investigating the between-group differences in cortical measures, an initial threshold of P < .05 for both the simulation step and the clustering step for the original data was chosen. The cluster-wise probability (CWP) resulting from the simulation and clustering is equivalent to the overall alpha significance level.
Following a dimensional (correlational) approach, we examined the relationship between the 3 catatonic dimensions (ie, motor, affective, and behavioral) and cortical thickness, area, and LGI alterations in SSD patients with at least 1 motor and at least 1 other affective or behavioral symptom according to DSM-IV-TR. Such correlations were calculated using a GLM approach provided by QDEC interface of FreeSurfer. All clinical and demographic measures as well as eTIV and total surface area were tested as potential covariates for further analyses within the dimensional (correlational) approach. Measures were included as covariates when they had an influence on the severity of catatonic symptoms, eTIV, and total surface area in SSD patients with catatonia according to DSM-IV-TR (Pearson's correlation; 2-tailed; see also supplementary material). According to this process, age, gender, OLZ, PANSS, abnormal involuntary movement scale (AIMS), and BARS qualified as covariates in the dimensional approach.
In the next step, we also performed a Monte Carlo simulation with 10 000 iterations and cluster analysis with an initial threshold of P < .05 to identify significant contiguous clusters of significant associations between catatonic dimensions and cortical measures. Finally, to account for false-positive findings within the identified clusters, CWP values of the identified clusters (each vertex within a cluster has the same P value) were corrected for the number of tested measures in our main analysis using Bonferroni correction. To this end, α was set to P = .05/N, where N (=18) equaled the number of correlations (classical Bonferroni correction). For this reason, the corrected threshold was set to P = .0027 (α = .05/18 tests [3 measures × 3 catatonic dimensions × 2 hemispheres]).
Results
Categorical Approach-Between-Group Comparisons
Following a categorical approach, 25 of 87 SSD patients (25/87 = 28.7%) were classified as catatonic according to NCRS criteria (NCRS total score ≥3; at least 1 point in the 3 different symptom categories, ie, motor, behavioral, affective) by 2 independent psychiatrists (D.H. and S.F.). At the time of the motor assessment and MRI examination, none of the SSD catatonic patients had taken benzodiazepines and all but 3 (3/25 = 12% antipsychotic-free) patients were on stable antipsychotic medication for at least 2 weeks. Further, the group of 25 catatonic SSD patients was matched to the group of SSD patients (control group) without catatonic symptoms (n = 22; NCRS = 0) based on age, gender, education, and OLZ. In the non-catatonic SSD group, none of the patients would qualify for any of the single DSM-IV-TR criteria of catatonia. There were no significant differences in cortical thickness between SSD patients with and without catatonia. Patients with catatonia had lower cortical area in the left superior parietal gyrus (SPG), the right medial orbitofrontal cortex (OFC) and lateral occipital gyrus (LOG) when compared with non-catatonic patients (figure 1). Regarding LGI, patients with catatonia showed hypergyrification in the left rostral anterior cingulate (ACC) and medial OFC as well as hypogyrification in the left superior temporal gyrus (STG), right inferior temporal gyrus (ITG), and right insula when compared with non-catatonic patients (figure 2). All but 2 regions hold Bonferroni correction (P = .004) for multiple testing (table 2) .
Dimensional Approach-Associations Between Catatonic Symptoms and Cortical Measures
Following a dimensional (correlational) approach, 34 of 87 patients (34/87 = 39%) with 1 motor and at least 1 other symptom (behavioral or affective) were identified, resulting in a total of 34 SSD patients with catatonic syndrome according to DSM-IV-TR by 2 independent psychiatrists (D.H. and S.F.). See table 1 for further clinical details. Further, we were specifically interested in correlations between catatonic symptoms and cortical thickness, area and LGI in SSD patients with catatonia according to DSM-IV-TR (n = 34). For significant associations after CWP correction see table 3 and figure 3. All but 6 regions hold Bonferroni correction (threshold: P = .0027) for multiple testing (table 3) .
Discussion
This study is the first MRI study that aimed at investigating cortical measures of distinct genetic and neurodevelopmental origin underlying catatonia in SSD patients. Three main findings emerged: First, patients with catatonia showed reduced surface area in the right medial OFC and left SPG. Second, patients with catatonia showed hypergyrification in the left medial OFC and rostral Fig. 1 . Localization of reduced surface area (blue) (P < .05, cluster-wise probability-corrected) in the catatonic group compared with the non-catatonic group. Reduced surface area comprises frontoparietal and occipital regions. Lat, lateral view; med, medial view; LH, left hemisphere; RH, right hemisphere.
Fig. 2.
Localization of hypergyrification (red) and hypogyrification (blue) (P < .05, cluster-wise probability-corrected) in the catatonicgroup compared with the non-catatonic-group. Hypergyrification comprises orbitofrontal, parietal and temporal regions. Lat, lateral view; med, medial view; LH, left hemisphere; RH, right hemisphere. The P values for distribution of gender were obtained by chi-square test.
ACC. Third, motor and behavioral catatonic symptoms were significantly associated with cortex variations in frontoparietal regions.
Owing to different diagnostic criteria and rating scales, different prevalence rates of catatonia have been reported in previous studies. 29, 58, 59 In earlier studies on catatonia, the presence of at least 4 catatonic signs was necessary to diagnose catatonia leading to a high specificity, but a low prevalence rates. 59, 60 According to this observation, other authors suggested the use of 3 or more symptoms to diagnose catatonia. 7, 58 In a recent study, Morrens and colleagues have shown that there are large differences in the prevalence of catatonia classified according to BushFrancis Catatonia Rating Scale (BFCRS; 2 or more of the BFCRS signs; 50.8%), DSM-IV-TR (at least 2 catatonic symptoms; 28.4%) and DSM-5 (at least 3 of 12 selected catatonic symptoms; 20.9%). 29 Therefore, we decided to use the NCRS in this study because it represents a clinically acceptable compromise between conservative and liberal thresholds. We found a higher number of SSD patients with catatonia classified according to DSM-IV-TR (39%) rather than SSD patients with catatonia identified according to NCRS (28.7%) criteria; this is related to the different criteria that are more liberal in DSM-IV-TR (only the presence of 2 symptoms is required) and more strict in NCRS (3 symptoms with at least 1 from each domain, eg, affective, motor, and behavioral). Because the diagnosis of catatonia according to Fig. 3 . Localization of significant positive associations between Northoff catatonia rating scale motor score and cortical area in SSD patients with catatonia according to DSM-IV-TR (n = 34) (P < .05, cluster-wise probability-corrected). Lat, lateral view; med, medial view; LH, left hemisphere; RH, right hemisphere. Significant clusters in both hemispheres: cluster size in mm2, P values from the Monte Carlo simulation (P < .05) and clustering as clusterwise probability (CWP), resulting from the vertex-wise comparison of mean differences of cortical thickness, area, and folding (local gyrification index). Age, gender, olanzapine equivalents, Barnes Akathisia Rating Scale, Simpson and Angus Scale, and Positive and Negative Symptoms Scale scores were used as covariates. Regions holding Bonferroni correction (P = .004) for multiple testing are in bold.
NCRS is more strict and conservative as it requires at least 3 catatonic symptoms from each of the 3 domains, this approach may also imply lower prevalence rates of catatonia when compared with DSM-IV-TR.
Morphological Differences Between Patients With and Without Catatonia (Categorical Approach)
Consistent with previous studies and our hypothesis, SSD patients with catatonia demonstrated reduced surface area predominantly in the medial OFC, SPG, and LOG when compared with non-catatonic individuals. The OFC is a key region that subserves a variety of highorder motor control processes, [61] [62] [63] [64] [65] and hence OFC alterations may contribute to many neuropsychiatric disorders and their typical behavioral symptoms. 5 SPG plays a crucial role in execution of skillful movements predominantly at the level of sensorimotor and visuospatial control. 5 Another region responsible for perception and object recognition is LOG, which functionally overlaps with a face-selective region, ie, the fusiform cortex. 5 Our data are in line with previous findings from functional MRI studies that have identified alterations in prefrontal (ie, OFC) and parietal (ie, SPG) regions of catatonic patients. 31, 36, 66, 67 Furthermore, our study endorses the dysfunction of the medial OFC, SPG, and LOG that can lead to the decoupling of motor control from the spatial integration of the body and face-selective perception. Such dysfunction leads to patients' inability to coordinate and navigate their body in space and interact with others. Therefore, our results suggest that altered structure of this frontoparietal network could lead to insufficient inhibition, disordered cognitive functioning, aberrant spatial orientation, missing temporal organization of speech as well as behavior and development of corresponding catatonic motor and behavioral symptoms such as perseveration, akinesia, catalepsy, posturing, anxiety, and impulsivity, respectively. 31, 68 These findings reflect what has been coined as "spatiotemporal psychopathology," 69 a novel approach to psychopathological symptoms and their underlying spatiotemporal abnormalities.
On further inspection, we also found LGI alterations in the left medial OFC, rostral ACC, and both STG and ITG in SSD patients with catatonia when compared with non-catatonic individuals. In addition to medial OFC, the ACC is crucial for integrating cognitive and emotional processes (ie, negative emotions) in support of goal-directed behavior. [70] [71] [72] Whereas STG is involved in managing both object-related and space-related information, ITG is involved in spatial orientation, estimation Significant clusters in both hemispheres: cluster size in mm2, P values from the Monte Carlo simulation (P < .05) and clustering as cluster-wise probability (CWP), resulting from the vertex-wise comparison of mean cortical thickness, area and local gyrification index and NCRS scores. Age, gender, olanzapine equivalents, Positive and Negative Symptoms Scale, Abnormal involuntary movement scale, and Barnes Akathisia Rating Scale scores were used as covariates. Significant clusters that survived the Bonferroni correction (P < .0027) are displayed in bold font.
of depth, and distance as well as stereoscopic vision. 73 Overall, structural alterations in the frontotemporal network might contribute to inability to perform goaldirected bodily actions and lead to akinesia, catalepsy, and posturing in SSD. Finally, the earlier-mentioned findings are important from a neurodevelopmental perspective. [74] [75] [76] Although cortical thickness undergoes changes during adulthood that are subject to a dynamic synaptic reorganization according to environmental influences, 74, [77] [78] [79] cortical area undergoes a specific developmental pathway that is related to changes in cortical gyrification (ie, LGI) during pre-and perinatal brain development. 34, 74 In sum, our study has identified morphological differences between catatonic and non-catatonic SSD patients with consistent evidence for surface area and LGI alterations including the frontoparietal network. In particular, the categorical approach might be interpreted as supportive for the relevance of cortical surface area and LGI as correlates of vulnerability or even developmental risk phenotype for catatonia in SSD.
Morphological Substrates of Specific Catatonia Dimensions (Dimensional Approach)
In line with our predictions, we demonstrate a significant negative association between motor and behavior dimension and cortex variations in superior frontal and precentral gyrus (M1). On one side, this finding points to the specificity of cortical thickness as a neural feature that develops over time and contributes to the pathophysiology of catatonic motor symptoms. Given that catatonic symptoms are considered to be a "specifier" of psychiatric illnesses and appear as transient phenomena, this finding seems very plausible. On the other side, surface and LGI variations in a frontoparietal network once again support the developmental risk phenotype for catatonia in SSD.
Furthermore, NCRS motor score was also associated with cortical area alterations in the insula, fusiform gyrus, and ITG. The insula essentially subserves emotional processing, social cognition and behavior, sensorimotor integration, language, decision-making, awareness, and consciousness as well as orofacial motor programs. 80, 81 The fusiform gyrus is crucial for reading, processing of spatial information, and face recognition as well as interpretation of facial expression in SSD. 82 Both regions are relevant in the pathogenesis of aberrant motor performance of the body and limbs leading to characteristic catatonic phenomena such as mannerisms, "Gegenhalten," athetotic movements, dyskinesias, and catalepsy, respectively. Furthermore, the significant association between NCRS motor scores and surface area in the ITG corroborates previous studies [83] [84] [85] showing that the temporal lobe might be involved in impulsive behavior, 86 which also occurs in catatonia (ie, sudden muscular tone alterations).
We also found a cluster of pronounced association between NCRS behavior score and LGI in the pericalcarine cortex consisting of the primary visual cortex (V1) and the precuneus. Alterations in this region lead to aberrant processing of movement and spatial related stimuli. 85, 87 Further, relationship between behavioral symptoms and LGI in the precentral gyrus, ITG, and pericalcarine gyrus might suggest that task-focused activity requires both visuospatial perception and motor initiation/coordination. Aberrant structure of this network might lead to akinesia, hyperkinesia, and impulsive as well as repetitive behavior.
Contrary to our expectations, we did not identify any significant associations between NCRS affective score and frontoparietal cortical variations. At best, one could speculate that affective catatonic symptoms are secondary compensatory reactions to the primary sensorimotor and behavioral abnormalities. If a patient is unable to navigate in space and has lost his/her temporal organization (motor and behavioral), he/she might develop affective symptoms such as anxiety, staring, or ambivalence. 36 Eventually, affective symptoms are transient phenomena that may be better reflected in the neuronal activity dynamics rather than variations of brain structure.
Strengths and Limitations
A major strength of this study involves the excellent matching of both study groups, moderate sample size of SSD patients with catatonia, and the replication of previous studies regarding frontoparietal alterations underlying catatonia in SSD. Regarding potential limitations, it appears important to acknowledge the cross-sectional design, use of antipsychotic medication, and lack of healthy controls. Another potential limitation is the fact that we did not examine first-episode SSD patients. Still, we did not find any associations between duration of illness and motor symptoms or OLZ. Finally, we focused on cortical morphology only, so that we cannot appreciate contributions of subcortical structures, particularly the basal ganglia to catatonia. 88 
Conclusion
This work provides first evidence for associations between markers of early cortical development disturbance and catatonia in SSD. Our results have shown specific structural alterations in a frontoparietal neural network that includes the superior frontal gyrus, lateral and medial OFC, rostral ACC, M1, and SPG. 36 The data suggest that distinct dimensions of catatonia are associated with different patterns of abnormal brain structure.
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